In this study, the skill difference between an experienced surgeon and a beginner in forceps manipulation during laparoscopic surgery is discussed. To clarify the difference between an experienced surgeon and a beginner, experiments with a sensor forceps were carried out. In the experiments, the suturation was performed as an example of the skilled operation. Applied force for the operation of the forceps and manipulated motion of the forceps were measured at the same time. The experimental results show that the orientation of the forceps, shaft forces, the moving distance and so on are different between an experienced surgeon and a beginner. The results would be an important index to train the skills in laparoscopic surgery with the surgery simulator.
INTRODUCTION
Computational anatomy provides effective means to support the diagnosis of disease and to simulate realistic intervention. In laparoscopic surgery simulation, generating realistic virtual feeling is important for trainees in order to perform effective training. The trainees are expected to learn many skills required for laparoscopic surgery using a laparoscopic surgery simulator. The surgery simulators reproduce the surgery environment virtually by a computer and a trainee operates forceps while watching the screen of the computer [1] - [5] . In these simulators, a trainee operates a virtual organ instead of a real internal organ with forceps. Physical property of the virtual organ in the simulator can be changed easily, so that trainees can perform much training in various conditions. However, evaluation methods for the forceps manipulation technique are not prepared enough in the simulator. Although some of laparoscopic surgery simulators can judge trainee's operational mistakes such as a procedure mistake, the forceps manipulation technique of the trainees has not been evaluated by the simulator, although some researchers have developed the evaluation method [6] . Therefore, the forceps manipulation technique of the trainees has been basically evaluated by an experienced surgeon during the training. In a laparoscopic surgery simulator, the objective evaluation of the forceps manipulation technique is necessary to provide the effective training. To perform the objective evaluation, it is necessary to clarify the difference between an experienced surgeon and a beginner in forceps manipulation. In order to clarify the difference between an experienced surgeon and a beginner in forceps manipulation in laparoscopic surgery, a sensor forceps has been developed, and experiments have been carried out by several experienced surgeons and beginners. The developed sensor forceps is used to measure applied force, motion of forceps, and so on. Although the grasping and dissection motion for the laparoscopic surgery have been already evaluated, the difference in operating motion between the experienced surgeons and beginners does not seem obvious as far as simple motion such as grasping or dissecting [7] .
In this study, to clarify the difference between an experienced surgeon and a beginner, the motion of suturation is measured by using the developed sensor forceps. The experimental results show that the orientation of the forceps, shaft forces, the moving distance and so on are different between an experienced surgeon and a beginner. The results would be used as the indicative factors of the evaluation of the technique of the forceps manipulation in the laparoscopic surgery with the surgery simulator to realize more effective skill training. Figure 1 shows the sensor forceps used in this study. The sensor forceps consists of strain gauges, an encoder, a potentiometer, a 3-axis accelerometer, markers for visual tracking, and a forceps (Endopath 5mm Curved Dissector with Monopolar Cautery, Thicon Endosurgery Inc.). Polaris system (Passive Polaris, Northern Digital Inc.) is used to track the markers of the sensor forceps and calculate the position and posture of the operated forceps.
EXPERIMENTS
The sensor forceps is able to measure force applied to an internal organ with the forceps, grasping/dissecting force applied to the internal organ with blades of the forceps, handle grasping force by the operator, angles of the handle and blades, and position/posture of the forceps at the same time as shown in Fig. 2 . In Fig. 2 , f h is the operational force at the forceps handle, f t is the reaction force at the tip of forceps, and f s,fb , f s,lr , and f s,ud are axial force applied to the forceps. T z is the displacement of the shaft-axial direction of the forceps, T z is measured by Polaris system and a 3-axis accelerometer.
To clarify the difference between an experienced surgeon and a beginner in forceps manipulation, the experiments were carried out by using a laparoscopic surgery training box (Endowork-proII, MC Medical Co.) and the sensor forceps were used as shown in Fig. 3 . In the experiment, subjects sutured a wound on a fresh pig liver which was anatomically similar to a human liver.
The subjects were divided into three groups. Three experienced surgeons were included into the experienced group. In this study, we have defined that a surgeon who experienced endoscopic surgery 200 and more times are the experienced surgeon. The trained and beginner groups consisted of beginners. Two beginners in group C had no experience of an operation of forceps. On the other hand, two beginners in trained group trained operations of forceps before the experiments.
The beginners of the trained group were carried out in the situation in imitation of a laparoscopic surgery as shown in Fig. 4 . In the training, the subjects in the trained group performed four tasks. In the first task, subjects moved a ball from a hole to another hole in a training kit as shown in minutes. In the second task, subjects passed and received a ball with forcipes. The second task was carried out ten times. The main purpose of first and second tasks was to accustom to operation of forceps in the two-dimensional image of the monitor. In the third and fourth tasks, a sponge with a virtual wound as shown in Fig. 6 was prepared, and subjects threaded a piece of string through a virtual wound for ten minutes as the third task. In the fourth task, subjects sutured a virtual wound for ten minutes. Subjects carried out these tasks repeatedly until subjects could suture a virtual wound below two minutes. 
EXPERIMENTAL RESULTS
In this study, we divide the motion of suturation into two motions. In the first motion, a subject threads a piece of needle through a pig liver. And, in the second motion, a subject tied a wound on a pig liver with a piece of string after the first motion. Table 2 shows the task elapsed time of each motion. As shown in Table 2 , the first motion (I. Threader) is divided into two motions. One is the motion that a subject inserts a needle to a pig liver (I-1), and another is the motion that a subject threads a piece of needle through a pig liver (I-2). On the other hand, the second motion (II. Knot-tying) is divided into four motions. At first, a subject holds a thread with a forceps of right hand (II-1). After that, a subject twists a thread around the shaft part of a forceps of left hand (II-2). Moreover, a subject holds a thread with a forceps of left hand (II-3). Finally, a subject pulls a thread (II-4). In Table 2 , "-" means that a subject did not perform the corresponding motion, because some subjects who belong to Trained and Beginner groups could not finish I-1 motion in the limited time (120 seconds). Therefore, in the cases of those subjects, the measurements were carried out at each motion. Compared with the results of the surgeons and the beginners, it is confirmed that the elapsed time of I-1 motion in the cases of beginners is longer than it in the cases of surgeons. Fig. 7 shows the experimental results of surgeon B and beginner C during I-1 motion. In Fig. 7 , the direction of the resultant force of forceps was calculated based on the f s,lr , f s,ud and the rotation angle of shaft which is measured by the potentiometer as shown in Fig. 1 . The magnitude of resultant force was the square root of the sum of the square of f s,lr and f s,ud . The direction of needle was calculated based on the rotation angle of shaft and image of camera. In the case of surgeon B, the direction of the resultant force of forceps is similar to the direction of the needle. The maximum error between those directions is about 49°. On the other hand, in the case of beginner C, the direction of the resultant force of forceps is different to the direction of the needle, and the maximum error is about 114°. Furthermore, the magnitudes of resultant forces of surgeon B and beginner C are similar. Those results mean that the force that a beginner adds to a forceps is not transmitted to the needle effectively because a beginner cannot generate a force in the direction of the needle, and it is important that an operator generate the force in the direction of the needle during I-1 motion.
In II motion, the elapsed time of II-2 motion in the cases of beginners is also longer than it in the cases of surgeons. Specifically, in the case of beginner F, the elapsed time of II-3 and II-4 motions of third trial is smaller than half of time of second trial. However, the elapsed time of II-2 in third trial is not so small compared with the time of second trial. Therefore, it is important for a beginner to improve II-2 motion in knot-tying motion.
The examples of measurement data are shown in Figs. 8-10. In these results, Fig. 8 shows the result of surgeon A, Figs. 9 and 10 show the results of beginner D and E. θ h and f h represent the angle of handle, and the force of handle. f t is the force of tip of forceps. α and β is the angles which represent the orientation of forceps. The definitions of those symbols are shown in Fig. 11 . In Fig. 8 , surgeon A adjusted the direction of the needle during 0-17 and 57-64 seconds. In addition, in the cases of the surgeons, the motion which the surgeons passed a needle into a pig liver was divided into two motions (In the case of Fig. 8 , 17-57 and 64-83 seconds). In Fig. 9 , beginner D adjusted the direction of the needle during 0-9 seconds. Also, in Fig. 10 , beginner E adjusted the direction of the needle during 0-49 and 68-120 seconds, and could not pass a needle into a pig liver.
Compared with other groups, it seems that experienced surgeons take advantage of the rotation of long axis of forceps. In addition, in the case of surgeon A, the shapes of f t and f h are very similar. On the other hand, in the cases of beginners D and E, the shapes of f t and f h are different. Those results mean that in the cases of trained and beginner groups, they could not transmit the force to a needle well and the force which was generated by a beginner was transmitted to other place such as a trocar instead of tip of the forceps. The orientation of forceps in the case of the experienced group is also more stable than that in the cases of other groups. In addition, the moving distance of forceps on left hand in the experienced group is shorter than that in groups the trained and beginner groups. On the other hand, the moving distance of forceps on right hand in the experienced group is longer than that in the trained and beginner groups. These results conclude that a beginner cannot operate forceps well in the nondominant hand.
CONCLUSION
In a laparoscopic surgery simulator, the objective evaluation of the technique of the manipulation of forcipes is important to provide the effective training. To perform the objective evaluation, it is necessary to clarify the skill difference between an experienced surgeon and a beginner in forceps manipulation. In this study, in order to clarify the skill difference between an experienced surgeon and a beginner, experiments were carried out with a sensor forceps to detect the applied force and manipulated motion of the forceps during the laparoscopic surgery. From the experimental results, it is found out that the orientation of the forceps, shaft forces, the moving distance and so on are different between an experienced surgeon and a beginner. These skill differences could be the indicative factors of the evaluation of the technique of the manipulation of forceps in the laparoscopic surgery. The reference group of "experienced surgeons" must be enlarged to be statistically representative as a future work.
